SCIENTIFIC SESSIONS: Session-4 Clinical Imaging Wednesday, October 10, 2012 (7:30 am -- 8:55 am) New Orleans Room {#sec1-1}
=================================================================================================================

Report from the 2

nd

International Scanner Contest 2012
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**CONTENT**

The International Scanner Contest (ISC) understands its mission to promote digital pathology and virtual microscopy in research, education, and diagnostics.

**TECHNOLOGY**

Several algorithms and applications have been developed to measure and compare focus and image quality, speed, color fidelity, and geometric distortions.

**DESIGN**

The 2^nd^ ISC 2012 contained five domains to evaluate different capabilities of participating systems. Each vendor was free to choose which of the available domains to attend:

**High Throughput**

Sets of 35 slides of different origin randomly mixed had to be scanned automatically under daily-use conditions. Preparation and scanning time have been measured and a focus-corrected speed was calculated.

**Quality**

The same 10 slides had to be scanned by each vendor in a limited time with best quality. Blinded quality evaluation was done by experienced pathologists applying a 9-tired scoring system.

**Fluorescence**

Two artificially stained monochrome slides (quantum dots) had to be scanned in a limited amount of time. Contrast, contrast-noise ratio, signal-noise ratio, and sharpness were measured to compare results.

**Image Analysis**

Twenty spots located on a Ki67 stained breast cancer TMA had to be scanned automatically. Subsequently, participants had to quantify the amount Ki67-positive tumor cells in selected regions. Results were compared to manual quantification by a reference panel of pathologists.

**Technical**

Two artificial slides, an IT 8.7/1 color target and a calibrated micrometer raster, had to be scanned. Resulting virtual slides were analyzed for color fidelity and geometric distortions.

**RESULTS**

In the contest, we evaluated seven scanning systems (Metafer-VSlide-SFx80, NanoZoomer-HT-2.0, Pannoramic-Desk, Pannoramic-250, TISSUEScope-4000, UltraFastScanner-UFS, VS120-S5) from six vendors (3DHistech, Hamamatsu, Huron, Metasystems, Olympus, Philips) participating in 32 tests that were all passed successfully.

**CONCLUSION**

The ISC 2012 has a great benefit for the digital pathology community, because it offers a standardized and comprehensive means of evaluation, and therefore, a way for manufacturers to improve their devices and customers to choose the best device for their respective needs. The test domains represent requirements in routine pathology as well as education and research. Nevertheless, vendors as well as pathologists requested additional domains, e.g., to determine capabilities of workflow integration, for the 3^rd^ ISC in 2013.

Design and Implementation of a Digital Pathology Network for Air Force Medical Service Pathology Practice
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**CONTENT**

Due to recent advances in digital pathology (DP) and the resulting anticipated changes in pathology practice, the Air Force Medical Service (AFMS) is exploring ways to introduce DP into its pathology labs.

**TECHNOLOGY**

A model DP network composed of commercially available whole slide imaging (WSI) scanners and their supporting software will be designed. The network should allow sharing of digital images between several geographically remote pathology labs via the AFMS IT network.

**DESIGN**

To support the design of a small scale model DP network, the unique needs and requirements of AFMS pathologists and pathology system were identified using the contextual inquiry method. Findings were utilized to determine work practices and clinical applications that will most benefit from DP implementation. Commercially available and serviced WSI scanners in the US and supporting software were reviewed. The selected and preferred WSI scanner/system had to support the relevant clinical application/workflows and be compatible with AFMS IT-related infrastructure.

**RESULTS**

Contextual inquiry revealed that DP will be highly beneficial for AFMS mainly due to the large number and global distribution of its patient population and medical facilities and its unique pathologist/histotechnologist staffing pipeline. Clinical applications and workflows that would most readily benefit from DP implementation were consultations, quality assurance, and global workload distribution. WSI scanner evaluation criteria included a variety of objective technical features. Subjective criteria such as image quality of identical preselected glass slides scanned by each scanner/system and usability of each system were compared. The selected preferred DP system was purchased and installed at four regional AFMS pathology centers. Training processes to support scanning and digital image review were designed, as well as surveys to track pathologists' adoption and use of DP. Following a successful connection of the WSI systems to the AFMS IT network, implementation of a clinical application such as a virtual dermatopathology consultation program within AFMS will be established.

**CONCLUSION**

Introduction of new technology such as DP into a large healthcare organization such as AFMS requires careful design and implementation.

Computer-Assisted Analysis of Cytologists' Exploration of Whole Slide Images
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**CONTENT**

Current clinical practice in cytology involves a two-step process where slides are initially screened by a cytotechnologist and then sent for final review and diagnosis by a cytopathologist. With pathology\'s migration toward a digital environment, it is important to determine whether these screening and diagnostic tasks can be performed as well on digital slides as they are with glass slides.

**TECHNOLOGY**

A custom-designed virtual microscope was used in this study. Cytologists had the ability to zoom in on the slides (up to ×40), pan, report diagnostic criteria, and ultimate diagnosis (as well as differential). All interactions with the interface were time-stamped and recorded.

**DESIGN**

Three cytopathologists and five cytotechnologists voluntarily participated in this study. They read a case set of 12 cytology digital slides, of which 5 depicted Pap tests (conventional and liquid-based specimens), and 7 depicted non-gynecological samples, including 3 FNAs of lung, 1 FNA of liver, 1 FNA of thyroid, 1 FNA of breast, and 1 urine sample. Diagnoses covered a wide range of conditions, from benign (such as infections) to neoplasms (carcinoma, melanoma). Specialized software was developed to analyze the slide exploration strategy of cytologists. Exploration was classified by magnification range into "low" (×1 \< mag \<= ×10), "medium" (×10 \< mag \<= ×20) and "high" (×20 \< mag \<= ×40).

**RESULTS**

Cytotechnologists took significantly longer to read the digital slides (average 11 min 13 s) than cytopathologists (4 min 51 s) (*z* = --11.628, *P* \<0.0001). On average, cytologists sampled only about 66% of the entire slide at low magnification levels, and their exploration became even more "economical" as the magnification level was raised. Greater exploration of the slides at low magnification was statistically significantly correlated with correct diagnoses for cytotechnologists (for correct diagnosis, average coverage was 81%, whereas for incorrect diagnosis it was 65%, *z* = --2.52, *P* = 0.0117). A high agreement among cytopathologists in the areas of the slide explored was also observed.

**CONCLUSION**

Our study suggests that cytotechnologists may have trouble with place keeping using whole slide images, and as a result, they cover less than ¾ of the slide at low magnifications, and this has significant screening and diagnostic consequences. They also take significantly longer to use this medium, which could potentially have a significant impact on workflow.
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**CONTENT**

Whole slide imaging (WSI) is increasingly being used for diagnostic purposes, education, and research. Concern has arisen whether WSI can replace the conventional light microscope as the method by which pathologists view patient samples and render diagnoses (primary and/or consultation). Validation of WSI is important to ensure that diagnoses rendered using digitized slides are as accurate as those obtained using glass slides. There are currently no standardized guidelines regarding validation of WSI for clinical diagnostic use.

**TECHNOLOGY**

In June 2010, the College of American Pathologists Pathology and Laboratory Quality Center convened a non-vendor panel from North America with expertise in digital pathology. The project scope was defined as: "To recommend validation requirements for WSI used for diagnostic purposes."

**DESIGN**

A computerized search of published articles related to WSI was conducted. Seven hundred and sixty-seven studies met the search term requirements. Twenty-seven studies underwent detailed data extraction to capture evidence in support of validation recommendations. Assessment for strength of evidence, consisting of level of evidence, quantity, size of the effect, statistical precision, and quality assessment (risk of bias) was performed. The panel convened eight times via conference calls and developed draft recommendations. These were made available for open comment in July 2011 in the form of a survey. Approximately 132 responses for each recommendation plus 531 comments were received over the 4-week comment period. The panel had 10 additional conference calls to review the feedback, grade the evidence, and finalize the draft recommendations.

**RESULTS**

Evidence-based review suggests that diagnoses made using WSI can be as accurate as using glass slides. Validation of the entire WSI system is important prior to using the system for any clinical purpose. The panel developed 12 final recommendations for the validation of WSI systems.

**CONCLUSIONS**

Validation of WSI is necessary to ensure that pathologists using this technique to view digitized glass slides can consistently make the same clinical interpretation as they would from viewing the glass slides using a traditional bright field microscope. Validation should address both technical and interpretative components, and must be specific for the intended clinical use.

Implementation of an Enterprise-Wide Picture Archiving and Communication System for Henry Ford Health System Department of Pathology and Laboratory Medicine
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**CONTENT**

We implemented an enterprise Picture Archiving and Communication System (PACS) throughout the laboratories of Henry Ford Health System (HFHS). PACS was deployed across HFHS-Pathology and Laboratory Medicine (PALM) that includes four hospitals. A database server was deployed in our data center with client software installed on workstations for pathologists, grossing, and autopsies.

**TECHNOLOGY**

The software (Apollo EPMM^®^ v9.4.3, Falls Church, VA, USA) is a file agnostic image database responsible for managing a variety of image acquisition devices based upon the Microsoft.NET^®^ framework and allows secure storage and distribution of digital files acquired from slides, gross specimens, X-rays, whole-slide imaging, electron microscopy, as well as document scanners. EPMM is capable of interfacing with information systems through its use of HL7, DICOM, and ADT interfaces. Database images can be accessed though the use of the client software or via a web-portal interface.

**DESIGN**

Staff were directed to acquire images in real-time during the grossing and sign-out process as well as *ad hoc* additions to cases. Legacy data was converted from our previous archive, requiring importing demographic information of 290,000 cases into the database. This was accomplished by extracting data from our anatomic pathology laboratory information system (LIS); the achieved files, approximately 512,000, were then matched and imported based upon case accession number. In the current live implementation of PACS, demographics are obtained through an ADT interface with our LIS.

**RESULTS**

Prior to the PACS, all files were hosted on a shared server based on a traditional file-folder hierarchy using accession number as the root for cases. This system became increasingly inefficient due to the volume of cases and resultant slow access time, limited controls to associate the correct image data to the correct patient, and lack of user and role-based security. PACS provided improvements in speed, efficiency, and security. Inter hospital consultations are now performed in real-time. PACS is used to acquire all scanned requisitions and gross images through using automated file mover services. Tumor board presentations have become more efficient and accessible.

**CONCLUSION**

PACS system has shown growth in both usage and implementation with increases in efficiency, patient safety, security, and accessibility. As additional features are implemented, PACS will prove to be invaluable for pathologists.

Usage of Inexpensive Consumer Electronics in the Three-Dimensional Capture and Visualization of Gross Specimens

**Seung Park, Jeffrey Fine**
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**CONTENT**

The recent explosion in commoditized imaging technologies has allowed the widespread availability of powerful three-dimensional (3D) imaging and scanning technologies. One such device, the Microsoft Kinect, has garnered a large amount of third-party support, currently enabling low-resolution 3D scans of real-world objects in (or near) real time. In this presentation, we investigate possible clinical uses of this technology in the anatomic pathology laboratory.

**TECHNOLOGY**

A Microsoft Kinect (Microsoft Corporation, Redmond, Washington, USA); a portable PC (HP ENVY 14; Hewlett-Packard Corporation, Palo Alto, California, USA); software RGBDemo (Manctl Labs) and MeshLab (Instituto di Scienza e Tecnologie dell'Informazione, Pisa, Italy).

**DESIGN**

In conjunction with a rotating platform and printed scan markers, RGBDemo and the Microsoft Kinect were used to capture point cloud and color data from two gross specimens: a mastectomy for breast cancer and a hysterectomy for fibroids. These data were vertex-cleaned and mesh-reconstituted using MeshLab, and made viewable using the same \[[Figure 1](#F1){ref-type="fig"}\].

![Clockwise from top left: raw capture of point mesh, beginning; raw capture of point mesh, ending; final 3D model, zoomed in view; final 3D model, zoomed out and rotated view](JPI-3-37e-g001){#F1}

**RESULTS**

3D models were generated for each specimen, each requiring one slow manual rotation (less than 1 min). Each model had 360° visibility, and could be rotated and viewed in 3D space. Post-processing enabled one to clean the models of extraneous artifacts (e.g., the "table" surface). Image quality was somewhat limited by resolution.

**CONCLUSIONS**

We captured near-realtime 3D models of gross specimens using cheap hardware and freely available software. Although resolution-limited, these systems are under active development for other applications; and we anticipate rapid improvement in image quality. Future higher quality 3D images may represent a leap over conventional photography for documenting gross specimens, teaching and for pathologist telepresence. Surgeons may also benefit, particularly those already using 3D surgical systems in the operating room. Finally, physicians may be better able to communicate with patients using these models. The possibilities are endless.
